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The deterioration of RC structures due to corrosion of their rebars is a crucial issue for the 
construction owners and researchers. Reinforcement corrosion affects both the serviceability and 
structural performance of RC structures, causing an increase in their life-cycle cost due to 
maintenance actions and repair interventions. Corrosion of steel reinforcement is spatially distributed 
over RC structures due to several factors such as different environmental exposure, concrete cover, 
and concrete quality, among others. Ignoring the effect of spatial variability is a drastic simplification 
for the prediction of the remaining service life of RC structures. Hence, it is very important to model 
the spatial variability in steel corrosion and incorporate its effect into a prediction method for the 
reliability analysis of RC structures. 
To achieve this goal, there is a need to experimentally investigate the important factors 
influencing the spatial variability associated with steel corrosion and their effects on the structural 
performance of corroded RC structures. Moreover, due to the highly non-uniform steel corrosion 
over RC structures, the distribution of parameters for quantifying the spatial variability can be 
considered as stochastic process. Gumbel distribution has been widely used to model the spatial 
variability associated with steel corrosion since the local maxima of steel cross-section loss is the 
most relevant parameter determining the performance of corroded RC structures. To assess the 
stochastic behavior of RC structure with random parameters, one of the applicable solutions is to 
incorporate probability theory with deterministic FE method, which is becoming robust enough to 
estimate the failure probability of structural members. Therefore, it is important to conduct the 
reliability assessment of corroded RC beam incorporating the random field with FE method. 
In this study, experimental research is conducted to examine the effects of main parameters (i.e. 
current density, concrete cover, rebar diameter, and fly ash) on the spatial variability associated with 
steel weight loss, corrosion crack, and structural behavior of accelerated-corrosion RC beams. A 
novel procedure is proposed to assess the reliability of corroded RC beam considering non-uniform 
corrosion of rebars in Monte Carlo simulation incorporated with FE method. This dissertation 
consists of four parts. First part reveals the background associated with the effect of corrosion on the 
long-term structural performance and the importance of considering spatial variability of steel 
corrosion in the probabilistic life-cycle performance assessment of corroded RC structures. The 
second part explains the experiment investigation to study the effects of main factors on the spatial 
variability of steel corrosion. The spatial distribution of corrosion of rebar embedded in the beams at 
different corrosion levels was monitored and quantified using X-ray and digital image processing 
technique. In the third part, the statistical data based on Gumbel distribution was derived from the 
experimental data and incorporated in a probabilistic model to approximately estimate the spatial 
steel corrosion. Meanwhile, the effect of current density on the spatial variability of steel corrosion 
and Gumbel distribution parameters is presented and discussed. A procedure is proposed to assess the 





fourth part highlights the achievements in this study, and proposes some suggestions for future works 
according to the limitation in this study. According to the objectives, eight chapters are included in 
this dissertation.  
In chapter 1, background of this research was presented, followed by the objectives of present 
research. The corrosion of steel reinforcement in concrete is spatially distributed over RC structures 
due to several factors such as different environmental exposure, concrete cover, and concrete quality, 
among others. Hence, it is vital importance to identify the factors affecting the spatial variability 
associated with steel corrosion. Meanwhile, it is also important to model the spatial variability in 
steel corrosion and incorporate its effect into a prediction method for the reliability analysis of RC 
structures. Three primary objectives are: (1) the experimental investigation of the effects of main 
factors (i.e. current density, cover, rebar diameter and fly ash) on the spatial variability of steel 
corrosion, (2) probabilistic model for modeling the spatial variability of steel corrosion, and (3) a 
reliability assessment procedure of corroded RC beams considering the spatial variability of steel 
corrosion. 
In chapter 2, systematic literature reviews are conducted on mechanism of steel corrosion in 
concrete, the effects of steel corrosion on the structural performance of RC structures, accelerated 
corrosion test method used in the previous studies and the start-of-art probabilistic models for 
modeling the spatial variability of steel corrosion in reliability assessment of corroded RC structures. 
In chapter 3, an experimental program is presented. Experiments were conducted to study the 
effects of current density, cover, rebar diameter, and fly ash on the spatial variability associated with 
steel weight loss in corroded RC beams and their flexural behavior. The spatial variability of steel 
weight loss of rebar embedded in the beams at different corrosion levels was monitored and 
quantified using X-ray and digital image processing technique. The measurement method of spatial 
distribution associated with surface crack width at different corrosion levels was also presented. In 
the accelerated corrosion test, the constant current was applied to generate current density of 10 
µA/cm2, 50 µA/cm2, 100 µA/cm2, 200 µA/cm2, and 500 µA/cm2. To compare the spatial steel 
corrosion patterns investigated in this study, other experimental results from the previous studies with 
current density of 1000 µA/cm2 was also used. Covers of 10 mm and 20 mm were used with rebar 
diameters of 13 mm and 19 mm. One specimen with 30% cement replaced by fly ash was cast to 
study the effect of fly ash on the spatial variability associated with steel corrosion and crack width. 
In chapter 4, the major findings of experimental studies are given and discussed. The absolute 
error of estimated steel weight loss using image processing technique was found to be less than 1.5%, 
compared with the the actual measured steel weight loss. It proves that the steel weight loss measured 
by X-ray technique has a good degree of accuracy. Based on the experimental results, it can be noted 
that the spatial variability in steel weight loss is dependent on the impressed current density. The 





corrosion in specimens with higher current density (≥100 µA/cm2) fluctuated with several peaks over 
the length of rebar. Moreover, based on the statistic results of experiment, it suggests a significant 
implication that the stochastic field of spatial steel corrosion which is generated using the statistical 
data of accelerated steel corrosion in the laboratory is significantly affected by the impressed current 
density. 
In chapter 5, an FE model is proposed and the FE analysis results are validated by the 
experimental results of four-point bending test. It shows that FE model can provide the good 
agreement with the experimental results independent of the element length. 
In chapter 6, a probabilistic model for structural performance assessment of corroded RC beam 
is described. A factor Rswl (i.e. the ratio of local maximum steel weight loss to mean steel weight loss) 
is proposed to quantify the spatial variability associated with steel corrosion. The statistical data 
based on Gumbel distribution was derived from the experimental data and incorporated in a 
probabilistic model to approximately estimate the spatial steel corrosion. The effect of current density 
on the load capacity of corroded RC beam is presented by using probabilistic and FE method. The 
comparison between the distribution of yield load capacity shows that the results of yield load 
capacity using the Gumbel distribution parameters with low current density are lower and more 
scattered than that using the parameters with high current density. These results suggest that the level 
of current density has a substantial influence on Gumbel statistics and structural performance of 
corroded RC beams. 
In chapter 7, the author proposes a procedure for reliability assessment of corroded RC structures 
using FE method coupled with random fields considering the spatial variability associated with steel 
corrosion. An illustrated example is presented. A simply-supported RC beam reinforced by a single 
rebar affected by corrosion is considered. The effect of modeled non-uniform steel corrosion 
associated with different element lengths and correlation of rebar elements on the reliability of aging 
RC structures is evaluated and discussed. Failure probability of the RC beam is influenced by the 
element length and correlation of Rswl. Ignoring the correlation of Rswl, it may lead to overestimate the 
failure probability of corroded RC structures. The smaller element length will lead to a higher 
probability of failure when the correlation is neglected. 
In chapter 8, conclusions are drawn based on the experimental and computational works and 
suggestions for further research are presented. Among the experimental parameters, current density 
has a significant effect on Gumbel distribution parameters and structural behavior of the RC beams. 
The distribution of Rswl associated with low current density used (≤ 50 μA/cm2) has a significantly 
larger scale parameter than the specimens with a large current density (≥100 μA/cm2). Using the 
Gumbel distribution parameters obtained by the experimental data with higher current density may 
underestimate the non-uniformity of corrosion distribution. This can lead to an overestimation of load 
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